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MEASUREMENT OF BREATH-HOLDING TIME IN THE ACUTE RESPIRATORY PATIENT DONALD F. GARDNER

Introduction:
In 1909, Douglas and Haldane (1) demonstrated the relationship of Pa02 and PaC02 to breath-holding time (BHT). Muxworthy (7) described the direct effect of initial lung volume on breath-holding time in 1951 .
At the present, it is felt that breath-holding time is determined by, "... the interaction of a number of independent variables which can be classified in two major sets of stimuli: those related to lung volume and those derived from changes in gas tension and pH." (3) Although a considerable body of knowledge has been acquired about breath-holding in a laboratory setting, very little work has been done to date on breath-holding in a clinical setting with respir atory patients. It was the object of the present study to determine the feasibility of measuring BHT's on acutely ill patients in a clinical situation.
Another goal of this investigation was to study the hypothesis that breath-holding times would be longer in chronic bronchitics during periods of exacerba tion than during periods of remission. This was felt to be true because of the decreased sensitivity to arterial C02 manifested by these patients during periods of exacerbation. This was thought to be especially likely if any hypoxic stimulus could be eliminated by an inspiration to total lung capacity of pure 02 prior to breath-holding.
It was also felt that in chronic bronchitics during exacerbation that increased importance of the hypoxic stimulus relative to the hypercapnic stimulus would be reflected in a greater ratio of BHT on air to that on 02 as the patient improved; that is, breathholding times on 02 would be relatively longer during exacerbation when the hypercapnic stimulus was relatively weak.
In addition to chronic bronchitics several other types of respiratory patient were incorporated into the study. These included patients with pneumonia and asthma, and one patient with spontaneous pneumothorax. They were all chosen because they shared the characteristic of an acute illness which would be expected to show a good response to therapy and improvement in pulmonary function.
Methods:
Breath-holding times were measured daily at approximately the same time for each patient. A total of four BHT's was done each time, two follow ing an inspiration to total lung capacity of air, and two following a similar inspiration of pure 02. Patients were instructed to inspire maximally to total lung capacity from an unmarked rubber bag con taining air or 02 and then to exhale to a spontan eously chosen lung volume most comfortable to them (an approximation of functional residual capacity). Timing was begun by an observer at this point and continued to breaking point. Nose clips were kept on throughout the procedure. Breath-holds on air were alternated with those on 02, and the order of gases was changed each day.
Peak expiratory flow rate (PEFR) was also mea sured daily at the same time as the breath-holds on a Wright Peak Expiratory Flow Meter.
Arterial blood gases were drawn on days one, seven, fourteen, a n d /o r day of discharge in patients with abnormal blood gases, and more frequently if the clinical situation warranted. No attempt was made to draw blood at the exact time of breathholding, only during the afternoon of the same day.
Results:
Breath-holding times were obtained on a total of twelve patients. Of these, five had exacerbations of chronic bronchitis, three had bacterial pneumonia, three had acute exacerbations of asthma, and one had spontaneous pneumothorax.
There is an excellent correlation of mean breath holding time after a breath of air to that after a breath of 02 in all patients (Fig. 1) . Likewise, as has been demonstrated by other observers (5), mean BHT on 02 was significantly longer than on air in all but one patient (Jon).
No patient with chronic bronchitis showed a decreased breath-holding time on air or oxygen with improvement of clinical status or pulmonary function or length of hospitalization.
The author regrets that an adequate number of blood gas analyses as recommended by the protocol V
Fig. 1 MEAN BHT -Air
could not be made on all patients for technical and other reasons. In those patients in whom several blood gas analyses were made, no correlation be tween BHT and arterial blood gas concentrations drawn on the same day could be determined.
In three patients with chronic bronchitis who showed significant improvement in mean BHT, two, (Jon) and (M ail), had an increased PaC02 drawn on the same day, and one, (M ur), was unchanged. Two, (Mur) and (Jon), had an increased Pa02 as would be expected, but one had a decreased PaC02 (Mau). Likewise, in six other patients who showed significant improvement in mean BHT no correlation between mean BHT and arterial gas tensions could be determined.
So
Fig. 2 PEFR (Litres/sec)
Peak expiratory flow rate was normal in three patients (> 4 5 0 1 /m in ). In three patients PEFR was greatly reduced (< 1 5 0 1/m in) and showed no improvement with therapy. The remaining six patients all demonstrated improvement in PEFR with treatment (ranging from 123 to 483% ). In these patients PEFR tended to correlate with changes in MBHT (Fig. 2) . In three patients (Dav), (G if), and (Mau), the correlation appears highly significant, the correlation coefficients of PEFR plotted against mean BHT being .94, .79, and .72 respectively. In three other patients the correlation is less good, but still apparent, with r values of .43, .40, and .18 when PEFR is plotted against mean BHT.
No general correlation could be shown between mean BHT and length of hospitalization. In the six patients who demonstrated a correlation be tween PEFR and mean BHT, only one (Ser) showed a good correlation between mean BHT and days of hospitalization and three, (G if), (M ax), and (Jon), showed no correlation between these para meters. Of the other six patients in the study, two did show a correlation of mean BHT with length of hospitalization and four did not.
No correlation could be shown between the ratio of mean BHT on air to that on 02 (mean BHTair/mean BHT-02) and mean BHT. Two patients, (Dru) and (M ur), showed a derease in mean a ir/ mean 02 as the mean BHT increased and one patient (Ess) showed an increase in mean air/mean 02 as mean BHT increased.
There was a failure rate of 19% due to the volun tary withdrawal of three patients from the experi ment. One patient had to be withdrawn because of worsening clinical status.
Discussion :
This study has demonstrated that BHT can be measured in a practical way at the bedside and is of potential usefulness in the clinical setting. It must be recognised that breath holding does require a large degree of patient co-operation and is there fore excluded in the extremely ill, stuporous, or uncoperative patient.
Evidence has been obtained which suggests that there is a correlation of mean BHT on air and 02 to PEFR (and hence to airways conductance) in patients of all types who, (1) have airways obstruction upon admission, and (2) have significant change in airways resistance during therapy. Such a relationship might be explained by the lengthtension inappropriateness hypothesis of Campbell for the etiology of dyspnea (4). More study is needed in this area with a larger number of selected patients.
Breathholding times in chronic bronchitics with elevated PaC02's did not decrease with clinical improvement and no correlation between breathholding times and arterial P02 and PC02 drawn on the same day could be demonstrated. Therefore, the original hypothesis that chronic bronchitics with elevated PaC02 and a decreased sensitivity to arterial PC02 would have longer breath holding times than during periods of remission could not be supported.
Since no correlation of the ratio of BHT's on air to those on oxygen could be shown with either mean BHT or PEFR, it could not be demonstrated that the hyercapnic stimulus to respiration became more im portant relative to the hypoxic stimulus with improve ment in patient respiratory function.
The author is especially indebted to the ideas and help of Dr. G. J. R. McHardy of the pulmonary physiology section of the City Hospital, Edinburgh, and to the Medical Student Council of the University of Edinburgh for making the Edinburgh-lllinois student exchange possible.
Sum m ary:
Breath-holding times were measured daily during an acute phase of illness in twelve patients with different types of respiratory disease. A direct correlation between airways conductance as mea sured by the peak expiratory flow rate (PEFR) and mean breath-holding time w as suggested. No re lationship could be shown between breath-holding time and arterial blood gas concentrations taken on the sam e day.
It w as dem onstrated that breathholding time can be m easured and may be useful in the c lin ic a l situation. 
ITEM OF MEDICAL INTEREST
ANSWERS TO THERAPEUTICS PROBLEM
Yes, this question is relevant. Certain cooking o ils contain methyl polysiloxane, a silico n e that apparently interfers with the absorbtion of anti coagulants. S im ilar com pounds are used in som e preparations prescribed for hiatus hernia.
{E.G. "C risp n'Dry" and " A silo n e ") Reference: Talbot 
